To perceive the world successfully, newborns need certain types of visual experiences. The development of object recognition, for example, requires visual experience with slowly moving objects. To date, however, it is unknown whether newborns actively seek out the best visual experiences for developing object recognition. To address this question, I used an automated controlled-rearing method to examine whether visually naïve animals (newborn chicks) seek out slowly moving objects. Despite receiving equal exposure to slowly and to quickly rotating objects, the majority of the chicks developed a preference for slowly rotating objects. This preference was robust, producing large effect sizes across objects, experiments, and successive test days. These results indicate that newborn brains rapidly develop mechanisms for orienting young animals toward optimal visual experiences, thus facilitating the development of object recognition. This study also demonstrates that automation can be a valuable tool for studying the origins and development of visual preferences.
Spontaneous Preference for Slow Objects
experiments provide direct causal evidence that the development of object recognition requires visual experience with slowly moving objects (Wood & Wood, 2016a) . When newborn chicks are raised with slowly moving objects, the chicks create invariant object representations that generalize across novel viewpoints and rotation speeds. Conversely, when newborn chicks are raised with quickly moving objects, the chicks create inaccurate object representations that fail to generalize across novel viewing situations. Thus, visual experience with slowly moving objects is critical for the development of object recognition.
If newborns build more accurate object representations when exposed to slowly moving objects, then natural selection might have designed newborn brains to seek out slowly moving objects. This "selective sampling" mechanism would be useful, allowing newborns to avoid wasting precious computational resources on visual material that cannot be transformed into accurate object representations. To test for the existence of such a mechanism, I examined whether newborn chicks, lacking any previous visual experience, show a spontaneous preference to approach slowly moving objects over quickly moving objects.
Newborn chicks are an ideal model system for studying the origins of visual preferences, for several reasons. First, chicks can be raised in strictly controlled environments (e.g., environments containing no real-world objects) from the onset of vision. Thus, with chicks it is possible to study how visual preferences emerge within strictly controlled visual environments. Second, there is evidence that newborn chicks develop visual preferences rapidly (reviewed by Versace & Vallortigara, 2015) , and some of these preferences have been linked to specific neural structures (e.g., Di Giorgio et al., 2016; Mayer, Rosa-Salva, Lorenzi, & Vallortigara, 2016) . Third, newborn chicks develop high-level object recognition abilities. For instance, newborn chicks can build a view-invariant representation of the first object they see in their life (Wood, 2013 (Wood, , 2015 Wood & Wood, 2015) , and can recognize objects rapidly, within a fraction of a second (Wood & Wood, 2016b) . Fourth, birds and mammals use homologous neural circuits-with common structural and functional characteristics-to process sensory input (reviewed by Jarvis et al., 2005; Karten, 2013) . Accordingly, studies of chicks may reveal general insights into the nature of vertebrate visual development.
EXPERIMENT 1

Methods
Subjects
Twelve Rhode Island Red chicks of unknown sex were tested. The sample size was determined before the experiment was conducted, based on previous automated controlledrearing experiments with newborn chicks (Wood, 2013 (Wood, , 2014 . No subjects were excluded from the analyses. The eggs were obtained from a local distributor and incubated in darkness in an OVA-Easy incubator (Brinsea Products Inc., Titusville, FL). The incubation room was kept in complete darkness to avoid exposing the chicks to light through their shells. After hatching, the chicks were moved from the incubation room to the controlled-rearing chambers in darkness with the aid of night vision goggles. Each chick was raised singly within its own chamber. This research was approved by the University of Southern California Institutional Animal Care and Use Committee.
Procedure
Newborn chicks were raised for five days within specially designed controlledrearing chambers (66 cm length × 42 cm width × 69 cm height; Figure 1A ). To present object stimuli to the chicks, virtual objects were projected on two display walls (19" LCD monitors with 1,440 × 900 pixel resolution) situated on opposite sides of the chamber. Food (grain) and water were provided within transparent troughs in the ground (66 cm length × 2.5 cm width Spontaneous Preference for Slow Objects Wood Figure 1 . The experimental procedure. (A) Newborn chicks were raised in controlled-rearing chambers that contained a virtual object on each side of the chamber. The objects were identical, but rotated at different speeds. One object rotated once every 15 s (slowly moving object), whereas the other object rotated once per second (quickly moving object). If newborn chicks have a preference for slowly moving objects, then the chicks should spend more time in proximity to the slowly moving object than the quickly moving object. (B) The virtual objects. Half of the chicks were raised with Object 1 and half of the chicks were raised with Object 2. × 2.7 cm height). The floor of the chamber consisted of black wire mesh supported over a black surface. All animal husbandry was performed in darkness with night vision goggles to avoid exposing the chicks to extraneous visual input.
During each preference trial, the same object was projected on both display walls simultaneously ( Figure 1A ). On one display wall, the object moved slowly (one rotation every 15 s), whereas on the other display wall, the object moved quickly (one rotation per second). These two rotation speeds were used because newborn chicks build accurate object representations when reared with objects that rotate slowly (one rotation every 15 s) and inaccurate object representations when reared with objects that rotate quickly (one rotation per second) (Wood & Wood, 2016a) . By using the same objects and rotation speeds in the present study, it was possible to examine directly whether newborn chicks have a preference for visual stimuli that produces more accurate object representations.
I used rotary motion rather than lateral (picture plane) motion for two additional reasons. First, with rotary motion, it is possible to manipulate an object's motion speed without changing its position in the environment. Second, it is more difficult to make compensatory head and eye movements to adjust for rotary motion compared to lateral motion, allowing for a more direct test of whether newborn chicks have a visual preference for slowly moving objects.
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During the experiment, the chicks received equal exposure to the slowly and the quickly moving objects. Thus, the objects were equally familiar to the chicks. If newborn chicks have a spontaneous preference for slowly moving objects, then the chicks should spend more time in proximity to the slowly moving object than the quickly moving object.
To test whether the chicks' visual preferences would generalize across objects, the chicks were raised with one of two objects differing in shape. Half of the chicks were raised with the object shown in the top panel of Figure 1B (see Video S1 in the Supplemental Materials [Wood, 2017] ) and half were raised with the object shown in the bottom panel of Figure 1B (see Video S2 in the Supplemental Materials [Wood, 2017] ). On average, the objects measured 8 cm (width) × 7 cm (height) and were suspended 3 cm off the ground. The object rotated in the depth plane around a frontoparallel vertical axis (24 frames/s) and was presented at the middle of the display wall on a uniform white background. The two objects were modeled after those used in previous studies that tested for invariant object recognition in adult rats (Zoccolan, Oertelt, DiCarlo, & Cox, 2009 ) and newborn chicks (Wood, 2013) . Videos S1 and S2 in the Supplemental Materials (Wood, 2017) show the animations used in Experiment 1.
Each chick received 120 preference trials during the experiment (one trial per hour over 5 days). Each trial lasted 59 min, followed by a 1-min period of darkness. The slowly and the quickly moving objects switched display walls after each preference trial. The chicks' behavior was tracked continuously using automated image-based tracking software (EthoVision XT, Noldus Information Technology, Leesburg, VA) that calculated the amount of time the chicks spent within zones (22 cm × 42 cm) next to each object. As a result, I was able to examine (a) whether newborn chicks prefer slowly moving objects, (b) whether this preference emerges at different times in different subjects, and (c) whether this preference changes over time within subjects. In total, 1,440 hr of video footage (5 days × 24 hr/day × 12 subjects) were collected for Experiment 1 (120 hr of preference data were collected from each chick). By collecting large amounts of data from each chick, it was possible to achieve low measurement error. For instance, the test-retest reliability of the preference scores across the five days of the experiment was high (Cronbach's alpha = .89).
Results and Discussion
The results are shown in Figure 2 . For each trial, I computed the preference score for each chick by dividing the time spent with the slowly moving object by the time spent with both objects. Preference scores above 50% indicate a preference for the slowly moving object and preference scores below 50% indicate a preference for the quickly moving object. The results were analyzed with one-sample t tests compared against chance level (50%). Analyses are included for both the overall group and each individual subject.
Group Performance
For overall group performance, the average preference score was 67.9% (SEM = 3%). The chicks spent significantly more time by the slowly moving object than by the quickly moving object (two-tailed one-sample t test: t(11) = 5.43, p < .001, Cohen's d = 1.57). The preference for slowly moving objects occurred both when the chicks were The blue bar shows the preference score for all of the chicks and the orange bars show the preference scores for the chicks reared with each of the two objects. The chicks had a strong preference for the slowly moving object. (B) Individual subject performance. The bars show the preference scores for each chick (ordered by the strength of the preference). The majority of the chicks had a statistically significant preference for the slowly moving object. (C) Change in preference scores across the experiment. Despite receiving equal exposure to the slowly and quickly moving objects, the chicks developed a preference for the slowly moving object. (D) Change in preference scores for each subject. Each line shows the preference scores for one chick across the five days of the experiment. By the end of the experiment, all of the chicks had developed a preference for the slowly moving object. Asterisks denote statistical significance: * p < .05; * * p < .01; * * * p < .001 (two-tailed one-sample t tests). Error bars indicate standard error.
t(11) = 8.85, p < .00001, Cohen's d = 2.55]. 1 Notably, these effect sizes are very large (for reference, Cohen considered d ≥ .8 to be a large effect size; Cohen, 1988) .
I also estimated the posterior probability favoring the null hypothesis using the JeffreysZellner-Siow (JZS) Bayes factor (BF 10 ). The Bayes factor is the odds ratio comparing the likelihood of the data fitting under the alternative hypothesis to the likelihood of the data fitting under the null hypothesis. The BF 10 for the overall preference score was 153.8 (i.e., the alternative hypothesis was 153.8 times more likely than the null hypothesis). Thus, these data provide strong evidence that newborn chicks prefer slowly moving objects.
1 While the group tended to prefer the slowly moving object across the first day (see Figure 3A) , the group analysis was not statistically significant for Day 1. The group analysis for Day 1 was also not statistically significant after removing the trials where the chicks were nonresponsive due to rest/sleep [t(11) = 1.14, p = .28, Cohen's d = .33]. Specifically, I removed trials from the analysis whenever two or more successive trials yielded 0%-100% or 100%-0% alternations in preference scores, a pattern that indicates inactivity (see Figure 3B for details).
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Individual Subject Performance
Since 120 preference trials were collected from each chick, it was possible to measure each chick's visual preferences with high precision. The preference scores for each chick are shown in Figure 2B . The majority of the chicks (9 out of 12) had a statistically significant preference for slowly moving objects across the experiment (two-tailed t tests: all p < .001).
Why did three of the chicks fail to show this preference across the experiment? One possibility is that all chicks eventually develop a preference for slowly moving objects, but that this preference emerges at different times in different subjects. To test this possibility, I charted each chick's preference scores across the five days of the experiment. As illustrated in Figure 2D , there were large differences in the preference scores across chicks. Most of the chicks (8 of the 12) preferred the slowly moving object on Day 1 (two-tailed t tests: 2 subjects, p < .05, 2 subjects, p < .01, 4 subjects, p < .001), but a few of the chicks developed this preference 2-3 days after hatching. Interestingly, two of the chicks started with a strong preference for the quickly moving object, but then lost this preference and developed a new preference for the slowly moving object. The graphs show the preference scores across the first 24 trials of the experiment (the chicks received one trial per hour). Large fluctuations in performance across trials (from 0% to 100%) indicate that the chick was stationary/ sleeping (i.e., since the objects switched display walls across successive trials, stationary chicks produced large fluctuations in preference scores across trials).
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To provide a more fine-grained view of how this visual preference emerged during Day 1, I charted the visual preference scores across the first 24 preference trials of the experiment (Figure 3) . Figure 3A shows the group preference scores, while Figure 3B shows each chick's preference scores. While some of the chicks developed a preference for the slowly moving object during their first few hours of exposure to light, other chicks preferred the quickly moving object or showed no clear preference for either object during Day 1. Together, these analyses show that there can be substantial individual differences in the development of this visual preference, even among subjects raised in identical visual environments. Newborn chicks can differ both in the strength of their visual preference and in the timing of when this preference emerges during development.
EXPERIMENT 2
The results from Experiment 1 show that newborn chicks have an early emerging preference for slowly moving objects. However, since the chicks were presented with only two rotation speeds, the nature of this preference remains unclear. In particular, the results are consistent with at least three possibilities. First, newborn chicks might always prefer the slowest moving object in their environment. Second, newborn chicks might prefer the slowest moving object when the speeds of the objects differ by some critical ratio (e.g., when one object moves twice as fast as the other object). Third, newborn chicks might prefer the slowest moving object when one of the objects exceeds a particular speed threshold.
To distinguish between these possibilities, I conducted a second experiment in which the objects rotated at five possible speeds (one rotation every 1.25 s, 2.5 s, 5 s, 10 s, or 20 s). Across the trials, the chicks were presented with all 10 pairwise combinations of these five rotation speeds. If chicks always prefer the slowest moving object in their environment, then they should have a preference for the slowly moving object across all 10 pairwise combinations. Conversely, if chicks prefer slowly moving objects only when the object speeds differ by some critical ratio, then the chicks' preference for the slowly moving object should depend on the ratio between the rotation speeds. Finally, if chicks prefer the slowly moving object only when the quickly moving object exceeds a particular speed threshold, then the chicks should prefer the slowly moving object only when the quickly moving object exceeds a particular rotation speed.
Methods
The methods were identical to those used in Experiment 1, except in the following ways.
First, 11 new subjects were tested. One subject was removed from the analyses because the camera malfunctioned during the experiment. Second, the experiment lasted for 7 days rather than 5 days. This allowed us to collect a larger amount of data from each chick. Third, on each preference trial, the objects could rotate at five possible speeds (one rotation every 1.25 s, 2.5 s, 5 s, 10 s, or 20 s). These successive values differ by a factor of two; thus, with each successive increase in speed, the object rotated twice as fast. The chicks were presented with all 10 pairwise combinations of the five rotation speeds: 1.25 s vs. Each chick received 140 preference trials during the experiment (14 trials for each pairwise combination). Each preference trial lasted 68 min, followed by a 1-min period of Spontaneous Preference for Slow Objects Wood darkness. In total,~1,848 hr of video footage (7 days × 24 hr/day × 11 subjects) were collected for Experiment 2 (i.e., 168 hr of preference data were collected from each chick).
Results and Discussion
The results are shown in Figure 4 . As in Experiment 1, preference scores above 50% indicate a preference for the slowly moving object and preference scores below 50% indicate a preference for the quickly moving object. Across the 10 pairwise combinations, the average preference score was 54.1% (SEM = 1%). The chicks spent significantly more time by the slowly moving object than the quickly moving object [two-tailed t test: t(10) = 4.87, p < .001, Cohen's d = 1.40]. The preference for slowly moving objects occurred both when the chicks were reared with Object 1 [t(5) = 3.28, p = .02, Cohen's d = 1.31] and Object 2 [t(4) = 3.45, p = .03, Cohen's d = 1.54]. The Bayes factor (BF 10 ) across the 10 pairwise combinations was 58.1 (i.e., the alternative hypothesis that chicks preferred the slowly moving object over the quickly moving object was 58.1 times more likely than the null hypothesis). These data replicate Experiment 1 and provide additional evidence that newborn chicks have a spontaneous preference for slowly moving objects.
To distinguish between the three possibilities described above, I computed the chicks' preference scores for each of the 10 pairwise combinations. As shown in Figure 4 , the chicks' preference scores did not vary as a function of the ratio between the rotation speeds. For example, on the trials where there was a 1:4 ratio between the rotation speeds, the chicks preferred the slowly moving object on the 1.25 s vs. 5 s comparison, but not on the 5 s vs. 20 s comparison. The chicks preferred the slowly moving object only when the quickly moving object rotated at the fastest (1.25 s) rotation speed. Thus, these results support the third possibility: newborn chicks prefer slowly moving objects when other objects in the environment exceed a particular speed threshold. * p < .05; * * p < .01; * * * p < .001 (two-tailed t tests). Error bars indicate standard error.
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GENERAL DISCUSSION
Behavioral and computational research indicate that visual experience with slowly changing objects is essential for the development of object recognition (e.g., DiCarlo et al., 2012; Földiák, 1991; Wiskott & Sejnowski, 2002) . Newborn chicks, for instance, require experience with slowly moving objects to develop object recognition (Wood & Wood, 2016a) . In the present study, I examined whether newborn chicks actively seek out these optimal (slowly moving) object features.
In Experiment 1, newborn chicks were reared with one object that rotated slowly and one object that rotated quickly. The majority of the chicks had a strong preference for the slowly rotating object on their first day of exposure to light. By the end of the experiment, all of the chicks had developed a preference for the slowly rotating object. Experiment 2 replicated this finding and showed that the preference is subject to a threshold effect. Together, these experiments indicate that newborn chicks spontaneously develop a preference for slowly moving objects. This preference was robust, yielding large effect sizes across objects, experiments, and successive test days. Thus, this visual preference for slowly moving objects appears to be a strong driver of behavior. The results also revealed substantial individual differences across subjects, both in terms of the strength of the visual preference and the timing at which this preference emerged during development. To my knowledge, this is the first study revealing significant individual differences in the visual preferences of newborn subjects.
It is important to note that newborn chicks will readily spend time with quickly moving objects when the environment lacks slowly moving objects (Wood & Wood, 2016a) , which rules out the possibility that newborn chicks simply avoid quickly moving objects in general. A large literature on avian imprinting also shows that newborn chicks prefer moving objects over stationary objects (reviewed by Horn, 2004) . Thus, it is not the case that chicks simply prefer objects that undergo the least amount of visual change. Finally, previous experiments have shown that newborn chicks can recognize these virtual objects when the objects rotate quickly, provided that the objects rotated slowly when being encoded into memory (Wood & Wood, 2016a) . Consequently, this preference for slowly moving objects cannot be explained simply as a limitation in the speed of chicks' perceptual abilities.
These findings complement previous studies reporting that newborn chicks have visual preferences for faces (Rosa-Salva, Farroni, Regolin, Vallortigara, & Johnson, 2011) , biological motion (Vallortigara, Regolin, & Marconato, 2005) , self-propelled motion (Mascalzoni, Regolin, & Vallortigara, 2010) , and speed changes (Rosa-Salva, Grassi, Lorenzi, Regolin, & Vallortigara, 2016) , and extend this literature by demonstrating that newborn chicks have a visual preference for slowly moving objects. This is an important addition to the literature because experience with slowly moving objects is required for the development of object recognition (Wood & Wood, 2016a) . This visual preference may drive the development of object recognition by motivating newborn animals to seek out the best visual inputs for constructing accurate mental models of objects. It would be interesting for future studies to measure newborn chicks' visual preferences for faces, biological motion, and self-propelled motion with the automated controlled-rearing method described here, thereby allowing for a direct comparison of the strength of these different early emerging visual preferences.
Additional research is needed to characterize the development of this visual preference more precisely. For example, chicks might develop a preference for slowly moving objects from their experiences with a slowly changing environment or from their experiences with their own movements. Future studies are also needed to characterize the nature of this visual preference
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Spontaneous Preference for Slow Objects Wood more formally. For instance, there is evidence that human infants prefer visual experiences that are optimal in their complexity (e.g., Kidd, Piantadosi, & Aslin, 2012; Oudeyer & Smith, 2016) . Likewise, it is possible that quickly moving objects are more complex (difficult to process) than slowly moving objects, and that newborn chicks prefer objects that are optimal in their complexity. 2 In what ways do these results illuminate visual development in humans? On the neural level, there is growing evidence that birds and mammals use homologous neural circuits to process sensory input (reviewed by Jarvis et al., 2005; Karten, 2013) . Although these circuits are organized differently in birds and mammals (nuclear vs. layered organization, respectively), the circuits share similarities in terms of cell morphology (Reiner, Yamamoto, & Karten, 2005) , the connectivity pattern of the input and output neurons (Wang, Brzozowska-Prechtl, & Karten, 2010) , gene expression (Dugas-Ford, Rowell, & Ragsdale, 2012) , and function (Calabrese & Woolley, 2015) . If newborn chicks and human infants use homologous neural circuits to process sensory input-as these studies suggest-then chicks and infants might share common visual preferences.
On the behavioral level, these results accord with a large body of work in developmental psychology showing that human infants prefer slow speech over fast speech (e.g., Cooper & Aslin, 1990; Fernald et al., 1989) . When talking to infants, adults typically use a unique speech register known as infant-directed speech (IDS), and a slow speaking rate is one of the most distinctive characteristics of IDS. There is also evidence that infants learn words more effectively when adults use slower speaking rates (Song, Demuth, & Morgan, 2010) , akin to how newborn chicks build more accurate object representations when raised with slowly moving objects (Wood & Wood, 2016a) . Thus, human infants and newborn chicks both prefer slowly changing sensory input and show enhanced learning from slowly changing sensory input.
Finally, an important contribution of this study is to introduce an automated controlledrearing method for studying visual preferences in newborn subjects. Using automation, it is possible to sample behavior continuously (24/7) and chart how visual preferences change across the first days of life. Automation also allows large amounts of data to be collected from each subject, which reduces measurement error and increases the power of the design. Given growing evidence that published findings are more likely to be false when measurement error is high (e.g., Ioannidis, 2005; Loken & Gelman, 2017) , automation may be a valuable tool for combating the replication crisis in psychology.
In summary, the present study provides evidence for a spontaneous visual preference for slowly moving objects in visually naïve newborn chicks. This study also introduces a powerful automated controlled-rearing method for probing the origins and development of visual preferences in a newborn model system.
